absorption of medium-chain triglycerides, and the patients also showed a better physiological state.
Introduction
As gastrectomy has become increasingly safer to perform in recent years, it is important to improve the patients' postoperative quality of life (QOL). Negative factors in the QOL include reflux esophagitis, dumping syndrome, and digestive and absorptive disorders. In particular, digestive and absorptive disorders may have a negative influence on the patients' nutrition status, resulting in weight loss. To select surgical reconstructions that provide better physiological function, various tests have been performed. Conventional methods such as the pancreatic function diagnostic test (PFD) and dxylose absorption test are not direct examinations. Although examinations utilizing 14 C compounds are direct examinations, they have, so far, only been performed in a limited number of patients. In addition, such examinations use radioactive isotopes, and therefore have recently fallen out of favour. Up to the present, many reports have concluded that reconstruction methods which allow for the passage of food through the duodenum are more favorable, but this hypothesis has not yet been proven. In this study, the 13 C-trioctanoin absorption test, which uses a safe stable isotope, and a new direct fat absorption test, were performed in order to prove this hypothesis. The findings of digestion and absorption tests using the stable isotope 13 C-trioctanoin, based on reconstructive methods after gastrectomies for gastric cancer, have not yet been reported. The 13 C-trioctanoin absorption test is a breath test which measures the 13 C in expiratory carbon dioxide after a 13 C-labeled compound is taken orally.
Abstract
Background. Digestive and absorptive disorders may negatively influence patients' nutrition, thus resulting in weight loss after gastrectomy. A relationship thus seems to exist between the fat absorptive function and body weight after gastrectomy; however, so far there has been no evidence to prove this hypothesis. Therefore, in this study we evaluated fat absorption ability using a stable isotope, 13 C-trioctanoin, based on the range of the gastrectomy and the method of reconstruction, and we also determined the feasibility of this test. Methods. Among patients who had undergone gastrectomy for gastric cancer, 40 patients who had been operated on between 1 and 3 years previously were evaluated. Ten patients had undergone the double-tract (DT) method, and 10 patients had received the Roux-en-Y (RY) method after a total gastrectomy. Twenty patients who had undergone the Billroth I (BI) method after a distal gastrectomy were the control group. In addition, 10 volunteers formed a healthy control group for the 13 C-trioctanoin test. We also examined other six factors related to nutrition after gastrectomy. Results. The 13 C-trioctanoin test showed, in relation to the reconstruction procedure, the highest average peak of fat absorption in the BI group (which had food passage through the duodenum), followed by the average peak of fat absorption in the DT group and the RY groups. In a comparison of duration, at 60 min and 90 min after administration, the BI group and DT group showed a significantly higher level than the RY group. The peaking time (average time at peak level) showed a significant difference between the RY group and the other groups. The absorption amount at an early stage of absorption and the percent (%) dose showed a significant difference between the RY group and the other groups. The RY group had significantly lower fat absorption than the healthy controls. Conclusion. According to this study, which evaluated fat absorption after different reconstructive procedures after gastrectomy, the procedure that accommodated for the passage of food through the duodenum showed better results for the The double-tract (DT) reconstruction method and the Roux-en-Y (RY) method (Fig. 1 ) are performed as reconstruction methods after total gastrectomy. The DT reconstruction method is a reconstructive route in which food passes through the duodenum, so that bile acids and pancreatic juices are combined with the food, but the RY method has a different reconstructive route, in which all food passes through the jejunum, without passing through the duodenum. In the present study, the new examination was performed to identify a more physiological reconstructive method and thus obtain better absorption ability. The aim of this study was to evaluate the various reconstruction methods by comparing those with passage routes through the duodenum and those without, by a quantitative analysis using the 13 C-trioctanoin absorption test. In other words, we evaluated the reconstructive methods based on fat absorption ability, using a new test; we also evaluated other digestive and absorptive abilities using a conventional test, in order to determine the usefulness of the 13 C-trioctanoin absorption test.
Patients and methods

Patients
Among patients who had undergone gastrectomy for gastric cancer at Toho University Ohashi Hospital during the 7-year period from 1993 to 2000, 40 patients who had been operated on between 1 and 3 years previously and were under the age of 80 were evaluated. Regarding the reconstruction methods, 10 patients had received reconstruction by the DT method and 10 had received reconstruction by the RY method after a total gastrectomy (Fig. 1 ). Twenty patients who had had reconstruction by the Billroth I (BI) method after a distal gastrectomy formed the control group. The mean age was 60.6 Ϯ 13.1 years in the DT group, 65.3 Ϯ 6.5 years in the RY group, and 66.7 Ϯ 10.3 years in the BI group; no significant differences in background factors were observed. Concerning the 13 C-trioctanoin absorption test, we employed 10 volunteers as a healthy control group. Any patients with diabetes, hepatic dysfunction, respiratory diseases, and urinary diseases were excluded from the study. All patients had invasion that was no deeper than the muscularis propria, and patients with over n2 lymph node metastasis were also excluded. The degree of lymph node dissection was limited to D1 or D2 and only patients with curative operations (curability A) were selected. Furthermore, patients with pancreas and spleen resections, postoperative complications, or disease recurrence were also excluded.
Methods
Weight change
The patients' weights (kg) were measured preoperatively, and postoperatively at 1, 3, 6, 9, and 12 months. The preoperative weight was regarded as 100% and the change of weight was calculated and evaluated.
75-g Oral glucose tolerance test (75 g OGTT)/ immunoreactive insulin (IRI) test
Early in the morning after overnight fasting, the patients ingested 225 ml of Trelan G75 (Shimizu Pharmaceutical, Tokyo, Japan). Blood tests were performed before, and at 30, 60, 90, 120, 150, and 180 min after the loading, and the blood sugar and blood insulin levels were measured.
PFD test
After overnight fasting, the patients ingested the PFD medicine. One hour after this, the patients drank more than 200 ml of water. Thereafter, the excretion rate (%) of paraaminobenzoic acid (PABA) in total urine was measured until 6 h after they had taken the PFD medicine.
D-Xylose test
Early in the morning after overnight fasting, the patients received 25 g (0.5 g/kg) d-xylose dissolved in 250 ml water, orally administered. Two hours later, 250 ml of water was additionally administered. At 5 h after the administration of d-xylose, a urine sample was taken and the amount of d-xylose contained in the urine was measured.
C-Trioctanoin absorption test
After 14-15 h of fasting, since supper on the previous day, the patients received 1 mg/kg·body weight (BW) of was done seven times; before the administration and at 30, 60, 90, 120, 150, and 180 min after the administration. After the patients had taken the 13 C-trioctanoin, they were then asked to lie quietly in bed. The amount of 13 CO 2 from the expired CO 2 gas was analyzed with the Automated Breath 13 Carbon Analyzer (ABCA)-G (Europe Scientific, Crewe, UK), using the gas chromatography-mass spectrometry (GC-MS) method. The measurement results were expressed as the value of D 13 C (‰) and the % 13 Cdose (%dose). The calculation methods were as follows: 
After Eq. A was calculated, according to the δ 13 C levels before and after the administration of where MW is the molecular weight of 13 C-trioctanoin; # is the number of 13 C within a molecule; APE is the concentration of 13 C (atomic % excess); and CO2 production ϭ body surface area (BSA) ϫ 300
Statistical evaluation was done with Student's t-test or the Mann-Whitney U-test, and probabilities of less than 0.05 were accepted as significant.
Results
Weight change between the preoperative and postoperative measurements
The weight in the BI group at 1 month after surgery had significantly decreased, to 90.1 Ϯ 6.0% of the preoperative weight (P Ͻ 0.001; Fig. 2 ). After the third month, no remarkable change was observed. In the DT group, the weight decreased to 87.0 Ϯ 10.4% at 1 month postoperatively, but the weight then increased from month 6 to month 12. The weight was 90.5 Ϯ 9.1% of the preoperative weight at month 12. In the RY group, the weight demonstrated a gradual decrease from 86.9 Ϯ 7.4% at the first month postoperatively to 82.9 Ϯ 3.7% (preoperative value vs the value at postoperatively month 12; P Ͻ 0.001) at 12 months postoperatively. At month 12, postoperatively, significant differences were observed between the BI group and the RY group (P Ͻ 0.01), and between the DT group and the RY group (P Ͻ 0.05).
75-g OGTT and IRI test
In the 75-g OGTT, for the levels prior to the test, there were no significant differences among the three groups, and each level was normal at fasting (Table 1 ). In the RY group, the peak level was more than 250 mg/dl at 30 min. The RY group showed more marked changes Postoperative weight showed an increase in the double-tract group from 3 months after the operation, and a decrease in the Roux-en-Y group. pom, postoperative month than the other groups. At 30 min, there were significant differences between the BI group and both the DT group and the RY group (P ϭ 0.017; P Ͻ 0.001). In addition, at 60 min, significant differences were observed between the BI group and both the DT group and the RY group (P ϭ 0.015; P Ͻ 0.01). Furthermore, at 90 min, there was a significant difference between the BI group and the DT group (P ϭ 0.02).
In the IRI test, for the levels prior to the test, there was no significant difference between the groups at fasting, and each level was normal. For all reconstructive procedures, the highest level was observed at 60 min. Similar to the result of the 75-g OGTT in the RY group, the highest levels tended to be observed when food passed through the small intestine. However, there was no significant difference after the highest levels were observed.
PFD test and D-xylose test
In the PFD test and d-xylose test, all levels were in the normal range (PFD, Ͼ70%; d-xylose, 4.1-8.2 g/l), and there were no significant differences between the groups ( Table 2 ). The results of the PFD test according to the reconstruction procedure were 92.7 Ϯ 16.4% in the BI group, 93.4 Ϯ 25.4% in the DT group, and 91.3 Ϯ 18.5% in the RY group; the level of the RY group tended to be low. In the d-xylose test, even though the level tended to be higher in the DT group (6.9 Ϯ 2.2 g/l) the values for the the BI group and the RY group were 6.4 Ϯ 1.7 g/l and 5.9 Ϯ 1.7 g/l, respectively.
C-Trioctanoin absorption test
C (‰) level prior to the test was regarded as 0‰, and the change in the degree of absorption after ingestion was observed every 30 min. In healthy controls, the level showed a higher increase than in patients after gastrectomy (Fig. 3) . The level peaked at 7.7 Ϯ 2.1‰ at 90 min and at 7.7 Ϯ 2.3‰ at 120 min. Thereafter, the level declined until 180 min. In the BI group, the level increased and reached the highest point of 7.6 Ϯ 2.8‰ at 90 min, and thereafter the level gradually decreased. In the DT group, the increase was slower; the level peaked at 7.1 Ϯ 3.0‰ at 120 min. Afterward, the course of change was the same as that in the BI group. In the RY group, the level recorded a peak of 5.5 Ϯ 3.3‰. The level increased more slowly than the levels in the healthy controls, BI group, and DT group. There were significant differences from these groups at 60 min and 90 min. In the RY group, the level at 60 min was 2.0 Ϯ 2.1‰, which was significantly lower than the level for the healthy controls (P ϭ 0.005), the BI group (P ϭ 0.026), and the DT group (P ϭ 0.045). Furthermore, at 90 min, the level in the RY group was lower, at 3.5 Ϯ 2.5‰, with a significant difference from the healthy controls (P Ͻ 0.001), the BI group (P Ͻ 0.001), and the DT group (P ϭ 0.0098). At 120 min, there was a significant difference between the DT group (5.4 Ϯ 3.1‰) and the In the 75-g OGTT, the Roux-en-Y group, in which food is allowed to enter directly into the jejunum, showed higher values than the other two groups. In the IRI test, there was no significant difference between the groups, but the Roux-en-Y group had a higher value. NS, not significant The findings were all in the normal range and no significant differences were observed healthy control group (P ϭ 0.043). When comparing the averages of the peak levels, that for the healthy controls was 8.9 Ϯ 1.9‰, for the BI group it was 8.5 Ϯ 2.1‰, for the DT group it was 7.6 Ϯ 2.6‰, and that for the RY group was 5.9 Ϯ 3.4‰; the values for the healthy controls (P ϭ 0.006) and the BI group (P ϭ 0.007) were higher than that for the RY group, and the differences were significant. The value for the DT group tended to be higher than that for the RY group, but there were no significant differences (P ϭ 0.086). In terms of the average time at peak level, that for the healthy controls was 90.0 Ϯ 32.9 min, for the BI group, it was 93.5 Ϯ 20.9 min, for the DT group it was 108.0 Ϯ 29.0 min, and for the RY group it was 139.1 Ϯ 30.8 min; trioctanoin absorption was slow for the reconstructive procedures that allowed food to directly enter the jejunum. The RY group was slower than the healthy controls (P ϭ 0.002), the BI group (P Ͻ 0.001), and the DT group (P ϭ 0.028), and the differences were significant.
% dose
The %dose is the absorption ratio against the ingested dose of 13 C-trioctanoin. In the cumulative %dose each 30 min, a significant difference was seen between the RY group and the healthy control group for all periods (Table 3 ). In the BI group, there was a significantly higher level compared with the RY group after 90 min. In addition, a significant difference was also seen between the DT group and the RY group at 90 min and 120 min. At 3 h, the levels were 22.8 Ϯ 5.7% in the BI group, 22.2 Ϯ 7.8%, in the DT group, and 16.5 Ϯ 9.3% in the RY group; with a value of 26.0 Ϯ 5.9% in the healthy control group. The %dose was less in the RY group (in which food is allowed to directly pass into the jejunum) than in the BI group, and a significant difference was seen at 3 h. But no significant difference was observed between the RY group and the DT group. There was a significant difference between the RY group and the healthy control group (P ϭ 0.007). In comparisons of the cumulative %dose, in the RY group fat absorption was clearly decreased in comparison to that in the healthy control group, the BI group, and the DT group.
Discussion
Conventionally, various examinations have been performed including fat digestion and absorption test [1] [2] [3] [4] . In 1962, a digestion and absorption study of fat in which C-trioctanoin breath-test findings after gastrectomy. In the 13 C-trioctanoin absorption test, the Billroth I group and the double-tract group showed a similar course to that of the healthy controls. The Roux-en-Y group showed lower values Healthy control (%) 2.8 Ϯ 2. CO 2 from expired gas was measured was first reported by Schwabe et al. [5] . Subsequently, many authors [6] [7] [8] have described the digestion and absorption of fat, using 14 C. However, because 131 I-labeled compounds and 14 Clabeled lipids are radioactive isotopes and may harm patients, their usage has decreased. Since the 1970s, the 13 CO 2 test of expired gas by 13 C-labeled compounds has been adopted [9] [10] [11] . Someya et al. [12] and Sasaki [13] reported 13 C and 14 C breath tests. 13 C is described as a stable isotope, and it is reported to share 1.1% of existing carbon atoms in nature. As it does not contain radioactivity and it does not have any possibility of explosion or contamination, it can be safely used for children and pregnant women. However, up to now, breath tests utilizing 13 C-labeled compounds have not been widely used, because 13 C-labeled compounds are expensive and require a specific analyzer for measurement. We found new quantitative results after gastrectomy using the 13 Ctrioctanoin breath test.
To evaluate digestion and absorption ability after gastrectomy, conventional examinations, such as the PFD test, d-xylose test, and 131 I compound test have also been employed. However, the PFD test and d-xylose test are not direct examinations. Moreover, as the measurements from these tests are based on the amount of evacuated urine, it could make the diagnosis difficult in patients with urinary tract diseases, such as renal insufficiency. Especially for aged persons, urinary tract abnormalities are observed in many people, making the diagnosis difficult. In terms of examinations utilizing 131 I compounds, as evacuated stool is used for the test, it is difficult to gain constant and reliable results because of the unequal condition of stools and the complexity of the examination itself. Therefore, this test cannot be a generally accepted one. There have, so far, been no reports which evaluated reconstructive operations after gastrectomy by direct examinations utilizing 14 C or 13 C compounds.
The present study was a comparative study utilizing direct digestion and absorption tests. In this study, we used 13 C-trioctanoin, a medium-chain triglyceride, trioctanoin, that is a 13 C-labeled lipid. Medium-chain triglycerides are triglycerides that consist of fatty acids that have 6-12 carbon chains, and glycerin. Lipids most likely cause digestion and absorption disturbances. In particular, medium-chain triglycerides are different from long-chain fats, because they show a fast absorption peak and large mass [10, 14] . In other words, a test with medium-chain triglycerides takes a shorter time and gives more accurate results. Medium-chain triglycerides are mostly absorbed in the small intestine as medium-chain triglyceride acid and then through the portal vein are carried into the liver. Absorption has been reported to be closely related to bile acids [15] and to pancreatic exocrine function [16] . The DT and BI groups have reconstruction routes in which food passes through the duodenum, which thus allows bile acids and pancreatic juice to combine with food. The RY group has a different reconstructive route, in which food does not pass through duodenum. Comparing these reconstructive routes is considered to be a feasible way to evaluate the nutrition in patients with each gastric reconstructive procedure after gastrectomy.
In our comparisons of weight (body weight) loss after these reconstructive procedures, the BI group had the lowest weight change, and these patients maintained about 90% of their previous weight. The DT group had weight loss until 3 months after the operation, but the weight had recovered to about 90% of the previous weight at 12 months after the surgery, and thus was as high as the level in BI group. For this reason, the patients who underwent the BI and DT methods recovered better after gastrectomy than the patients who underwent the RY method. After all, the DT method is a more physiologic reconstruction method than the RY method after a total gastrectomy. The results were based not only on the range of resection but also on the fact that a difference in the reconstructive procedures could influence the patients' postoperative nutrition. We assumed that the reconstructions would demonstrate different digestive and absorptive function measured by the various tests performed. In terms of the 75-g OGTT, although patients with RY have been reported to have a glucose tolerance disturbance, the peak level at 30 min was significantly higher in the RY group. Results for the IRI test showed the same tendency, and the level was higher in the groups without food passage through the duodenum. This may be caused by the direct influx of carbohydrates into the small intestine. In the RY group, a more rapid absorption of glucose occurs in comparison with other reconstructions. The PFD test is affected by pancreatic exocrine function, and the d-xylose test is affected by the area for absorption in the small intestine. There was no significant difference in the PFD and d-xylose test results between the reconstructive procedures. This is because pancreatectomy with expanded lymph node dissection was excluded. Also, these results indicated that the pulled-up small intestine for the esophagojejunostomy had no influence on the absorptive area in the jejunum.
In previous reports, conventional tests showed no significant difference between reconstructions with and without food passage through duodenum. Therefore, we investigated reconstructions after gastrectomy using the 13 C-trioctanoin breath test. The 13 C-trioctanoin breath test is a new test which has not been previously performed after gastrectomy. The 13 C-trioctanoin test showed, according to the reconstruction, that the aver-age of the peak of D 13 C was highest in the BI group, followed by the DT group; the procedures in which food passes through the duodenum tended to show a high level. The average time of peaking in the BI and DT groups and the healthy controls was significantly shorter than that in the RY group. Regarding the D 13 C duration, at an early stage after administration, the BI and DT groups and the healthy controls showed a significantly higher level than the RY group contrary to the results of the 75-g OGTT test. Both the healthy controls and reconstructions besides RY showed steep rises in ∆ 13 C duration. In other words, procedures which allowed food to pass through the duodenum resulted in a considerably more rapid absorption of medium-chain triglyceride and showed a high peak D 13 C level, at almost the same level as the healthy controls. In the group without food passage though the duodenum, the D
13
C level increased at a late stage, because in the jejunum bile acid and pancreatic juice combine with the food after the food passes through the duodenal anastomosis.
Regarding the %dose, which indicates the absorption amount compared with the ingestion amount, it was higher in the BI and DT groups and healthy controls than in the RY group. As the BI and DT groups showed no significant difference in comparison to the healthy control group in this study, they are thus considered to be more similar to normal and more physiological reconstructive methods. In the weight recovery of patients after gastrectomy, we found that fat absorption influenced nutrition after operation. In other words, reconstruction without food passage through the duodenum after gastrectomy should be avoided, and a physiological reconstruction should be selected, with food passage through the duodenum, whenever possible.
In the choice of reconstructions, digestion and absorption disturbances, resulting in weight loss after gastrectomy, remain a problem. Concerning the function of digestion and the absorption of sugars after gastrectomy, all of the reconstructive procedures we examined here demonstrated little disturbance. With regard to the function of digestion and the absorption of protein, many aspects remain controversial, and no definitive conclusions have yet been made. In contrast, with regard to digestion and the absorption of lipids, many reports have concluded that physiological procedures which allow the passage of food through the duodenum tend to be more favorable, but without any significant difference between procedures [17] [18] [19] . Up to now, medium-chain triglycerides have been considered to be absorbed in the duodenum according to the action of bile acids and pancreatic lipase. In this study, the absorption of medium-chain triglycerides was affected by the passage of food through the duodenum. In addition, medium-chain triglycerides were absorbed to a greater extent and more quickly after being combined with bile acids and pancreatic lipase. As an evaluation of the function of digestion and absorption based on gastric reconstructive procedures, this new method, utilizing 13 C-trioctanoin, was employed to evaluate the function of digestion and the absorption of fat directly. There have, so far, been no reports which described the absorption process over the course of time. In the light of our findings, our way of testing is considered to be extremely feasible. In reconstructions without the passage of food through the duodenum after gastrectomy, the recovery of weight was worse, and the absorption of medium-chain triglycerides was lower than that in healthy controls. A reconstruction method which allows the passage of food through the duodenum should thus be selected whenever possible.
